Isothermal crystallization kinetics of lidocaine in supersaturated lidocaine/polyacrylate pressure sensitive adhesive systems.
Isothermal crystallization of lidocaine (LC) in supersaturated LC/Duro-Tak 87-2287 (DT2287) polyacrylate pressure sensitive adhesive (PSA) systems has been studied by differential scanning calorimetry (DSC). It was found that crystallization of LC in supersaturated LC/DT2287 systems was governed by the nucleation process, which in turn was dependent on temperature and composition of the systems. A critical temperature T(crit) was found at approximately 26 degrees C, above which the crystallization of LC in LC/DT2287 systems becomes slow. The lack of dependence of T(crit) on the composition of the mixtures indicates that the presence of the PSA affected the kinetics (diffusion) rather than the thermodynamics of the nucleation process. A critical degree of saturation S(crit) of approximately 4 was also found, above which the nucleation rate sharply increases. Kinetic analysis based on the classical theory of nucleation indicates that nucleation of LC in the PSA medium is a diffusion-controlled process. The activation energy of crystallization had a two-phase dependence on temperature suggesting that the mechanism of crystallization may change at the transition temperatures. As the weight fraction of LC increased in the systems, the activation energy of crystallization, DeltaG(c), was minimal at approximately 15 degrees C, indicating that the nucleation of LC in the LC/DT2287 systems is at its fastest rate around this temperature. These fundamental analyses of nucleation and crystallization mechanisms are of practical significance in the design of supersaturated drug delivery systems.